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(54) Bmo««] ^w^se^J:t^e^«jfi*fe 



(57) tfitt] 

HLk. 

[JWB*ft] CuiS^4 0 5±CC. SiNfli4 0 6 l 
BCB (^>7i/^P^» &K£t4 0 7. S i CM 
40 8, BCB*6&J|g409, S i CJH4 1 0, SiO 

;U4 1 3 4BEJL (d) . E««4 1 4£S3i£-f* 

(e) . MOCVDffi«Cj:»)CuSx-K«4 1 5**fll 

u c*i*«s<tLr^y*cuiB4 i 6*^iai-a 

(f) . CMPCCJ:9^toCu&£l$£bT. b'7* 
-;U*^l/rCuiS»4 0 5(C««3tiA:CuE«4 I 

7*«ati/fca. s i c«4 1 8ft»atr* <») . 





(B4> 



401. 403. 407, 409 7?*Vflt*BCBlfcftfll 

sr^rKSS: 402. 404, «». no. 41a sico 

411 >J»>«ftJi 
412, 414 EiW^y 
413 

415 Ca^-K« 
418 /r+CuO 



V 



iffi^i t i> tms n/tE»fa a 

i-T*W«]IW*l6»«-C*») . j|>& < £ & 1 Jf 

©E»£ ctiiciittattlft?^ 9 bV&SStimttfrf-lL 
KitfflBIt Lr«lS;**vCl,>S C <!:*«« t-r5*ll# 
SB. 

[ ft*JS 2 ] mm^imfR 3 ti fcg«±© *M* 

masses nri>4*»««a(ctet.»T:. ijesimb*?- 
z?mi£ft : H&mm-c!ib t ). U£E«©i!ra«ffi 

r«W#/ri5ELri>sc £*#«£ r«HMBI l Ett 
[ft*JS4 ] nre*«/< y T&®m&. siNm 

«. MEEMtt. ;Kc<£4>Jgffl:te«fcDWI§f^#M0 

cvd (wt^mt^afflBSS) s«:j:»)»issft-ci» 
c £ *#*£ f iff i * fctt 2 £«©¥*{*& 

[11^6 ] ( 1 ) *ii»«^*i)Bj«3*i*0±{CT 

( 2 ) itemiftmtiMtiittntcx * 

«. irr*-*. *HBrrsi«£. 

( 3 ) mumm^mmK.m.tmm^'i k. & 

c £ £ T 5*S«*8SB©«j6m 
[ifcjai7] WE"OVi'd>P7'f i >aJ. 
a * > > «/ -> * p zff- > r * 5 C £ £ # 3S £ -T 5 s* 
*JI 6 IUR©** 

[fS*J18 ] jftEft ( 3 ) OIBKisl^B, 4>fc < 
i'fclfclSCfiJJHtctoi >r *tt«tt<*£ii]?M(tt £ T Z> 
MO C V D £tc «fc o T S3*£B*5> £ *&ffElltt£ * 

far i c £ *#»£ r &»$]g 6 eh©¥*$sb©s 

CIS*«9 ] Bifida ( 3 ) ©Xflti. W&PISf*£ttl 



2) #BB2 00 2- l 18 169 

2 

m?Mtt SMOC V D&iCj: o r$i££fi£»£-r-5»^ 

i©^ae^tt£«s-r^.H?*©xe£. f£ir*©xfi 
■wBfiJEStifcaJEJB i ©a*EM**«i'£ urtT^s 

v*&KJ:oT»££JS#£T£3fI2©£KE«lt* 
!g*«6 EiK©*g<*£g©£!il777£. 

[ii*^io] MocvDaKj^-aawsftsiHE 

«Et:T*-JK0*aJiU:4r * C £ £#84£T*li1* 

io ga*fctt9£i^^f*£«©»&m 
[it^jf 1 1 ] mam < 1 ) ©x*i©&. fiiem 

(2) ©HKcsfcfcof. 8JIBW«i8^Fitti»)B±{Cftl 

[0 00 1 ] 

20 ^«{CfflT6t©T?*,5. 
[0002] 

[fi£fc©8tffi] Ma0K©ra9tm{ci*r;U5- 
-5 A (A 1 ) *>U< «A 1££#. E«IHI4sJ:VES)l 
BI©lft»WCttS"J3>BMUI (SiO.) Aiir<ffl(<> 
P>tlXStc. VfrL, LS I ©SiMh©iiWC{*l,>. E 

«fflaa©ft«©fc»KE«*tR:B* (Cu)i)i, l^fffl 
?F*©fi«©fc»KElBUa*J J: 0-E^Jira©i»,«lStc« 

<5E*ttCfc(,»TW. ->';3>(Si)^Si 0,£«C 
tf)£-r2.»^M4JKfeW5Cu©fi;t!5^A l«fc<5«>jl 
<. hv>yx?£«G»£r5i"J3>7 : A^xgB'v. 
©SA> E»ll©ill4lWE*ft*«lMH»r(WHt4«« 

fiST^C£^a^£JiS. 

[0 0 0 3] [fifc*^l ] J^TtC. CulOTlfeJ:^ 

Wffl*cu©ffi»E5± (^vr) mtbzm&m-em.'i 

40 fflt,>6hSf-7>'>^i*©ES©S!B^ ; S:'K-ri?llS 
©»rffiS-C*S. 3>S«5 0 1 ±{C->V n>B$<fc 
15 02, ->';=Og^<U8 <S i ON) JS5 0 3. 

4. j/ynvffiS^bHiso 3£iMiRfcjca&£urE*a8i 
v?&m*>. -xic< *ffltc*«tt©^yr«5 0 5 4c 

uH^HaL. fb^lSttiSfg (Ch em i cal Me 
chanical P o 1 i s h i n e : CMP) (cj: 
o-C^fllfcC uRfcJ:^^' 0 5|&£LT C u E 

«5O6*0RSf5 [07 (a) ] . 
50 [0 004]». TJS©C u E$ 5 0 6 ©lltoiAj n 



(3) 



2002-1 18169 



s/ , ;3>ttfkiB5 0 8 k 2/»;3>»aft8i5 0 9. ^ 

a>BWtB5 1 OtiKXflML [H7 (b ) ] . *©± 
«ctrr*-A»*«iKBcBiP**rr*uyxh«5 1 l 
*}|5«Wa [H7 (c) ] . ZLXUis* FIB 5 1 1 * 

5 10, 5/»;n>»a(tJ|5 0 9, >";3>g{(:Ji5 0 
8*WCCX7?>^0fc«. WJXVmb 1 
4Citt7*^5 1 2«BSTS [07 (d) ] . 

[0005] ;toc. j/ 3 >K{UI5 i o ±<cE«i*j|5 io 
ja«ttteS8n*s-J"*u^x hks i 3£B$l [H7 

(e)], US/* FB5 1 3£v**Ct#|#f4x-,*> 

**ff-*re«i»5 1 4ocffiS-rs2/y:a>Mtii5 i 

0*»ST*. FH5 1 3^SU/c 

* > ^4 b r sate c u #sm u fc trr * - a 

« H7(f)]. *«C. CO&SBK. mW&D'i 

vrms i 5*eaL/te«, scu 

ittcuiB 1 6t«sw* [H7 (g) ] . 20 

•j&cuBts 1 6*sJi&&mw)Tm$ i s*i»*o 
r, trr*-;n^cDCu^^^5 i 7 tcocu^y 

5 1 7K:«fc- 3 rTJi©CuE3H5 0BKff«S*lfcCu 
15 i 8«MW*. ^ur. *©±«C««tt©/< 'J * 

j^D*MHhfac»tmvs) 



7IS5 1 9£f&m?Z [mi (h) ] . 

[0 00 6] «±©l«cj:0 . m »JfflfcJ:cx_bffi 
£*8506<t> Cu77^5 1 7fcJ:tfCuK«5 1 8 

^tt**l>C4*K*Sh, cti%ZffitcTi><DtL 
X. tWaWt»S^jr> (T i ) . (T 
a) . £>^Xr> (W) fc£©^fcJ:tf*©Sfttt 

4$i»SI», flHitbtWMT 1 1 - 1 8 6 2 7 4^ 
[0 00 7] [B6*«2] Jdebtei^K:, 

-c*ft?y y*tt(ccu*itaiLri.»fc^ trr*-*a 

[0 00 8] 

[ffci] 



|| c 

CH 
I 

CH, 



CH. 
II 

CH 



7' 

o o ( 



CF « CH, ) O O ( 



(Cu (hf ac) tmvs) 

[0009] ^^sattHnaB^oafeii****^ s 

^ffiibr. MOCVD£tC<££Cu^fc&i**ftT 
COMOCVDffiCC^4Cu«SO^t£;^€ft 1 
KS*T (flu, fflRttfm) o COCuWWSttt. 
^tf^sf-nr-fe^JUT-fe F>S//W F I/- h [hexa 
fluoro-acetyl acetone dihydrate(Hhfacs) ] <!: F IM * 40 
)l\Z~)lisy^ [triwnethylvinylsilane (tmvs)] i* 
6«C«i»JaSICHhfac • tmvs)3W?8ftI3^fc. 'n*??^ 
tOTtf;l7t h*— F^ [hexafluoro-acetylaceto 
nate copper;Cu(hfac)] £ h 'j^fil/^^>7> [ tr 
i -methyl vinyl si lane (tmvs)] #>6& $WffiSlS3$Cii(h 
faOtjnvs*StftU r 'J 7#*iC J: 0 * > 

*Cr. Cu(hfac)tmvs<D (Mfc*J!B6K J: 0 . C u £iK 

[0010] [fi£*W3] ±»l/fcj:9(c % ®m<D&& 50 



ftTC>£#* *"C4>^> % y^^a^r> ( Benzocyclob 
utene : BCB) *y?-*lMfcJJ(f4£ L/^Ctf 64a*» 
BUS^teSJS^aw^nrc^o H8«. BCBtfi 

«ui^aos«6«e**wr5ia"c*s. coasts 
rtt. If ±{cif 5 n/c^O'/v'^o^f > - 
-JS£3 o o-cgja;cttjft-r4c<brgSR4*ai<DBaiB 

«c«Sk*^SlEt4i; SttT BC BlfttlH«:»4. 

7gg(^»j3 uRoitst 3 . 8 mm) *C, 

[001 1 ] «fH^8 - 2 6 4 9 6 2 JSS 

&ffi*«c»teBCB*MWI±«:*«tt/<yT**^'rs 
CAtt<CuE«t»JiW*aW3MI«S*iri**. f 



< aw vzmtj v i x b c b tuiitiajiw: 
a«c u mzftm o c n*^ * - - > ? o x c u ias* 

[0012] 

CuBS^Cu^yoTffiiWffitt* 

©dS^Si/jJifc*. LS I ©Rttrt'— JKDlt/Mt 
tcf*l». Egti. b7*-;us#&&c0. 1 /imJilTK 
fifctffl{tS*i*4. e«£&K:,5i!>S/<yTy**©Ma 

-eo-c. £<©/<•; 7 .**;u©fijass« 

#J2 0 0 y Q • c mtt±-C*») C u©ffita$ft2 <i Q • 
c intcim LX 2 ffi«±*»(,»te». MGfta&fttflt 
*T*. */c. TJB©Cuiag4.kJa©Cu7 r 7f4© 

tb, iS»aii**19^UBStt*4{cfittaia©Cu%Sffl 
btcctomJfflSStiz. ??>(c. «*tt©^''Jr 

FD^-f^lz-i/g^ (Electro-mi srat 
ion) «CStrSiSttt**<S<«S4l,OWII*i4C-5. 

[oo 1 3] mkwzx-nmbtc. mocvdsw-j 

*«tt/< 'J r«©«*. m«Ta*TaNOt|^ * 
H»i§(*r * * Cu(hf ac) tmvstC^ $ h57-;SiTa*i 
JKiSLT. Cu/Ta*SWtCu/TaNSIKTaF 

rmtov ?itWtW6VfiimKM< . $fc 3 o o-c« 

**. aH&BK3»^©»6ji*tt«Cff#xri>SMOCV 
D&K«fc5Cu^©^{t£ffltfgH4&oTi.>fc. 
[00 14]-#. ISita^K-CAiBCBBKCuH 

«fift©fc*{C4 0 0*CfiK©7--;W!&B4&*. 
4C5*». (RS^ffiKJ:-,r*JSLfcBCBWtl»CB 
SSftSftfli 3 5 0 'Cr* 0 . +»ft^SfiJS*i"C# «tl» 4 
I^SHA^-pA:. £<E>CC. *BC BlfcS 

)@-C«. MOCVD£K<fc9Cul8£iIgJ5Sfi;Si**IS 
SC. Mft#*a*BCB4£l£;£iacu BC BteMaK* 
«CCu*iffi»l/-CL*^il»^MH*«j8C4. 

[0015] *iew©a«H«±ai/tea£*^©R9Si*. 
*JSi*f ac4-c*>r>r. ^©awt*. flHUWH-c* 

4 BC W&X.ffi®m*MOC V Dj£CC«fc o XJ&ffLX* 
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S^fctr. i2$tatt©£i«4BeSSfi©(&i>S£0S 
4*tC. c u«KWT*IS*fk©te«)Oj!M5a*W>» 
-5cfc*>«c-r6C4(c*£. 
[0016] 

[iSS£«i*ir*fc«>©^8:J ±IB©B«*iftiST4fc 
«>. *%W<£<kha. 4a*fl*«*JB«3tifcS*L]:0 
SIWI^IWMlKJBjas tifcE»»*» J: » fT * - JU 

10 imnfrHmmtfi xvm4mcxtm sntyt 

z. )l i/ a * if > ^ > •/ is 2 a rf f > * & l > itZomMte 
1 1 H©iE£l4 ctueaft&ttflt?? yieWEfflBKS 

^f)««:a««ttb-cjBfiEsnr^5c4*i$a4T4 

¥&{fcgE, Sfc. XlEOBWSriiJ&T 

±©^^^^^^^^^^4 T ^^Rffi^tt* 

#tet*zGmMwmm<ht). griaieis© 

HBS»^5 4'». '>^C< 4tJSEfcJ:0 c ^mP^* s M 
OCVDffi«cJ:0JBtiSS*i£. 
(0 0 1 7 ] *fc. ±iB©S«%^)cTSft:«). *SW 
KJ:ntf. ( 1 ) 3«M**f!WI5rt3ft*©±KTliI! 

f->SL < tt-e©stg&&#t&4 Lr^t?W^S^*fe 
^M=S:^fiS-r-SXg4 . ( 2 ) U22W«iSWHS6tiH* 

ji^wcc x > if ®£ l x . mftt&frf-immc , 
4 . ( 3 > wEW«K^fi»i«H{cia»s«i-r* J: ^ 

JC. »^ifiS^4Ti#SiBSIW ; &itST5Xg4. 
-5 C 4 £#§*4 -T 5^*»^il©Kil^S. *«« 

fc. >?st<«. ira^ (3) ©xftJcte^ra. i!>fe 
■s m o c v D«£(c j: -> ra*£fij»4 t s smmutf* 

[0 0 18] 

C^W©HIS©^fl|] <) TttSfflO-f CCC u % 

3 < *oC u 4©S#tt©iSote«SS ; &ffll>^!£-S* i * 
50 6*iri»*. *»W«Cfct»-C». C©BCBttift)a%^ 



H e *0^7X-7tfiCcaiAUr»^B C BBI*»S^7 
fcBC BH4)£tiE#&tt. ^2 0 0 0- 1 00 8 0 3 

[ooi9]77X7Mam w*.tf,'o- is/ 

m i n rftteS ft* B C B * J v-OStftSK* 2 0 0 
"CiU i3tt5 00 sccm©Hett»JT^r5j£ 
®C24»)» 13. 5 6MHzORF^7-oenJWStlfc 
*/ + 7-/> k . 7 K^^He^7Xvct3CCBCB : e> r v-^ 
X*0M6U 4QO a Ctcm&btcm$±lcy'7Xvm& 
BCB*ft«lB*flEfi3-ttS. C©7 7X7l^BCBtt 



ttgtoJ£St*Sl*2. 5-2. 



6r*o. wefts- 
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* [0 02 0]I3 5CC, 75 X^m&BC B&mBt&S. 
^ffir»fcBCB«IIBI (««&BCBIft3|»lR) K*fT 

6. 7^Xvfi^BCB^jSBCD«S««ifi^BCB,tg 

fc*iTt»*Ci3MIBStiS- ?7X-7ffi£BCB*e& 

10 *^BCBff^rtt4 0 0^«±©WJ»tt* 1 »6tlS 

[0 02 1 ] 
Ut2] 




[0 0 2 2]^6tC, 7^XvS^BCB«»IS©iaC 
ul£»tt*^-rs I MSXn^T^^*^!". S iSffi 
±fc*5X^£BCB»WI*0. SjimMMRca 
KLfcf*. ««att*Qj(hfac)t!iiv5*ffll*teMOCVD 
ffiCiOCuJRiO. 2*xmJJfc:0MU 4 0 0'CCCT 
7!*B<0«i«a*tfote. #6hfctt»<COir»TS i£ 

cm*>*s i Msacesff ofc. imotc&ics i o, 
±eccu*^tfc»i*o»j5ett*t«>^-r. a&taii* 

OCuOmmzi 0 16 (a t oms/cra J ) 61TT?* 

*c<fca*a£ft*4c*. s i o.on^ccfct. coig 

*fl,T. X^X-7ffi«:j:SBCB*Bi»IROi8^«c{3:0. 
0 3 umf!S-C&£> COCtfrft. 7 7XvS^BC 
BtftlftJHrB. MOCVD«CJ:*Cu©««IBfK:KM»« 



*M* -SKc » Hit 0 r C » 4 C <t 4 . 
[0 02 3] «4Hffli«lliW««i<0**ttOWHr 

< . froJt«a©>h $ c J: 4 L S I oJBWiil 

*8?*&. CutBCB*W«4©a«ttccoi*r#ffi 
&7*>tc#>. y^XvS^BCB^ttiiCCMOCVD 
ttlctCutfiOll. tt*3MttllX=i**7— *<S 
cotch Brand Tape No. 5 6 ) 
l>rCu/BCB#B©«#tt*»ffikfc. Immxi 
mmCD^ v^**W0fflL/cffl^l 0 0fI«tl/Tf*- 

#titt«BSti-f, Cu/BCBIBBtt!WI4*tttt 



V 
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[0 0 24] Cti6<DtS»»Cu±&CBCBIft»R4Ja 
r, MOC VDffi^ffll^CuCT)a^ii^ ; S:?TC\ 4 0 

o-c-c3 05MSaftr^-;Kyfca. CMPffirBW* 

«Cit, BCB/CuER*n*Lfc4C** Cu 
u /B C Bf?ffi<D^14ttr'>V xffU'/a-feXtcifita. 
cc, a>a>*B3K*4 0 0'cr l o^fflr^-iUbrfeffi 

■IB'J-^WtOll^ttJietir. lO-A/cm 1 ! 

[0 0 2 5 ] MOC V DSKiSRRi^X^R^B 
C B«iBI4©ae«tt*%«Sti/cC 4©i£E4 l/C. 
$rtfi^ill^"C^-5Cu(hfac)tnrvsCC^$n^7 y^iS 

tfSJStffcfl*. Cu(hfac)tnivsCDfllS«:^tl«W 

wwrr sffm^nwncttLrr. mocvd- 

[0 0 2 6 ] £(±8&?BOfcJ:55C> 7 7XvI^BCB 
«UI4MOCVD-Cu«i*a*A*>«SCiJCJ: 

i»»tOW4i, 0. 1 am£lT4C^teHMI^*->K: 
«T*IB«fl[)«i*ii*i. /<»;yR*»RUfcC4«:j: 

[0 0 2 7] 

[JtttNlACC. 7*X-*R£BCB»RR4M0CV 
D - C uli ta*^t)«to*l6WO«Hi««COl»r . 

[ft 1 OXttW] a 1 tt. *£9J©ft 1 OHMS^cogBS 

)aLfc*3«*»fi±tC. ^X^R^BCBiftftRl 0 
1*0. 6 um«C«8W5. CCr&> 0. Ig/m 
i nV&J&2tiZBCB*s-?~<DmtU&Z2 0 0'C 
tb. 063500 s c cmOHett VTUZVEUSS. 
5CjS 0 . 13. 56MHz©RF;<7-©EPttSftfcS/ 
t7 — . v F*»6H e^X7Jf»(CBCB*^7-»X 
4 0 0'C5CjJD^L/cSS_h5Cy7XvS^B 
CB«»il*JSSfiSttfc. 

[0 0 2 8 ] *(D±fflC£. I- »M*;U5/*>*IIJ[tt4T 
^^XvCVD&SCjiDS i CB1 02*0. 0 3 u 

mmictiimtz. cosiCRtt. ^xts^bcb 

RlSf*. S*>0C. 0. 4/imlf(D-7'^Xvm^BCB 
ttfiKRl 03ii7f>^ K«7X*4&*R»0. 
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0 3/2 m<DS i CJUS 1 0 4*J#j®TS«. Ch6S i Cm 

1 0 2te«k^l 0 4*S i N«5C£K-r*C4£nJfi&-C 
ftft [Bl (a) ] . 

[0 02 9] »;y^^7^K:j:orEliai*tt«:BBPSr 

7»*Rx»*>y#*. Wit C F ♦ /A r /O , #X CC 
tSiCai0 4*S*tti^>^U 36lcx-y* 
>^*^*rN,/O I *K:tt0»Ar7* hu^x KR* 
**Lft3W6, ^Xv«£BCBi(M»Rl 0 3*X;r 

io *>yureiKPU 0 7**«-r*. ccr, n,/o, 

»#*rtt. S i CHI 0 2fcJ:O c l 0 4ttx?*>* 

* _,*-x * y*tf-> r fessfflss B-SKBfc 

n-S [HI (b) ] . 

[0 03 0] tCD^UffiCC, MOCVD^CC^OCua 
10 5*0. BumWOKR-r*. CCW 
*1 95X4LrMOCVD-CuR*j£S3tt/c [B 
1 (c) ]. 4 0 0U 2 0»<DCuR©*Sftft7x- 
iu*ff-5fc». CMP(U^rESj8»^Cu 
20 *gfc*U CuERl 08**iW*. CCDCMPT 
tt, (SiO,) *£jS#4**WR*KCiMHt 

tK^ (H.O.) *«*0fcBW*« *SK> 

ccr, cuocMPm^ 7'^xvm^ccr 

mStZtltc B C B|ftliR4 MO CVD-Cu 4<7>S*tt 

tt+*is < . c h % t > c t tmm * ti/c 

[01(d)]. *CC V T^X^S^BCBtBSRl 0 
6*0. 4Mm©/SSfCJ0WrSC4r, CuiSIWE 

J: tf±m# ^ ^ x b c b ^ssr scu 

BR10 8«tt* [01 (e) ] . 
30 [0 0 3 1 ] tt±0XSK:J:9HI«O. 2 8/xmrR« 
«10mmftOEW»*»SO, 4 0 0 tre 1 0 tflH 

cor - -)i *?f o fc&rcetftm y - *w**ms ufc 4 

CSlO-A/cm'HKift^ 7i-A»Ci+d 

aWtt^yTR-C*a0. 0 3MinJIOTa/TaNi 
*^l^cti^4i^tgSi*l:t$50/ , ctS^ ffi^ffififcSli 
2. 5/iQ • c"mJ&*6 2. 0 uQ • cm^4^2 5%f£ 
*r*C4fcflHg**ifc. 

[0 0 3 2 ] [^2(0^iSW] ^1C0^W«, TI§C0 
40 ER8S±«ca«>ii*4WBftCj:or#H<0±Hie»*» 

ffi-r*. ■rftt>%i/>y^yvi/> (single d 

amascene) S4i*«nS*ffi6CffiS 

fc3W, Sffl«^(C±^ia«»4dj:crF®Oig^4« 

rW©*tT9, f^r;^7i/> (Dua 1 Dama 
scene) ffifCM orfcia««:*|feM*aflB-r ^>C 4 

«T«c*©*ttWtcoi»rHffi*#JHor» 
50 4Bitto#ffi%^Ar;i/yv^>tt«cjafflLfc«><or* 
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[0 0 3 3] ->>y;u#-7V>ft{CJ:^ mi <d) * 
T©IS<cJ:OCuE*1 0 8 4»£TS [02 

(a) ] . 77X-7M£BCBfftHkJB2 0 140. 6 a 
ml, i-;^h^l-CA5S iCflg2 0 240. 0 
3um«<a£RU 3 66C^Xvfi^BCB*ft«BI2 
0340. 3umm, x-^>^- h^^i^S 
iC!g20440. 0 3 ^mWCCJSIirrs [02 

(b) ]. yy^7^ccj:o"CJBSsr^*trr*-^ 

T) 4#ffiOfc»/CF 4 /Ar/0,#X(cr. S i CS 
2 0 4 £ 77XvI^BC Btg*M2 03iXyfXh 
^it*4S iC«2 02«*ltx^>yU $ 

US^X h4&*L£#&:77X^g£BCBte»Jia2 0 

lCcer*-;U2 0 7 6»tt^4 [02 (c) ] . 

[0 034] »jyy77^J:otMT^ 

14xy*>^cj:oT> S i CJS2 0 4±<D7 J r hU^ 
X h«|»4L«c^^7Xv«^BC Bt&ttR2 0 3 K 
E»»2 0 8 tEfitrS [H2 (d) ] . W«86»r8l 
* h Ui/X h tS±<C»4Lfca, t<D±fl® 
iCMOCVDSCCJ:0 0. 8 /imWCui2 0 54fi£ 

STS/cab, C<DCu4M«iirMOCVD-Cu3&i 
Oft-rsci^^. ^T*-;uj£»-C«7»»«cCu/C 
u«BjWB«3*i« [32 (e) 3 . 4 0 0*C, 2 0# 
<m&itT x - ;U 4?T o fcf& CMPCCfcor§2atiK2 

0 8 fc,=fcrjtf7*-/t/2 0 7fei^©**KcC u^SL 
tCuffii20 9. Cu77^2 1 0S»«f* [H2 

(f ) ] . 

[0035] Sfcfc, 7 r 5Xvm^BCBft^il2 0 6 
*J5E«T*Cir. CuiS»2 0 9*$J:a c Cu^7^2 

1 0O»^7X-7l^BCBffiSi"CabtliCu 
EMfflWB0i3ti&. flU C<Dt8£CuEJ£2 0 9 
OJ6HtC». x^Xh77lWSiCi2 02^ 

&&?hffi, s iCBfc«tifcCutttt^yrtt*wo 

tfSttMBCC Ta/TaN |fomft(Nltll>< V T 
a©ffl5EL4l»CuK»flljaWJB*3ti* [02 
(?) ] . 

[0036] H±®XgfcJ:»)IOTR0. 2 8wmtRS 
T*10mmft©E»f«l&fi8U 4 0 0'CriOB#[ig 
£>y x-;Mto fcf&Ettffl U - *HSfc£i9J£L/c 4 C 

1 O-'A/cm'SST^O. fi«BI©r--il««c*j 

fc. S6CC, aWttO/syrB|-C*-5 0. 0 3Mml?© 
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*, ie«ffita«»2. 5/iQ- cm^62. 0//Q • c 

*S0. lQ6lT«c«IW4Cifc«B3tifc. ■ 
[OO3 7]03(t> *3»tt«^0»J«3nfcSftJ:(C- 

fi±fc, S iO,H3 0 

#ttx 9 * > ytc J: o r *W***i©«6»4 fc* a 
>**h*-Jl/4BIP0r, *i»fle**4±»*Be» 

10 COS, y7X7f^BCBIfeil3 0 3fc<£tfS i CH 
3 0 44*HU »jy^77^ 4S#ttxy*>2 r CCJ: 
o"T*3l***4©»^»4«cSB»i»l*HPr*. 3£ 
ffi±ffi(CTa/TaN8IH^ ! ;rR3 0 5*»0. 0 4 
umJWcflMITS. /<»J7^3r;HB*fflC>«0«*TIB 

s i o,j«3 o i ##ar*fc»-c**. 

[0 03 8] MOCVDi£5C<£-pTCu)g3 0 6 
40. 6 /imWCJSSlROrMI»icCu*ae<>ii*. C 

*§Ug4S i C KDflMMtftiHI L fcfisas?* 4 t-r * - 

;U44»J&U M0CVDaritSCu4ii§itCMP 

4if-DrcuE«4Cu^7y*jBjafr*ia*»«3S 
oi**WMora*£«tt&t*. Mxtfi2 <c> ^ 

602 (d) ccM5*roxscc*j^rfe % £TI3®7?i 

[0039] im3<Dmmi] H4i*. *#mh©»3<d 
'<y7ift«BW4»ALTfc< C4r. x?^>^r 

X^4flH>, S6(CCu0S«>i&#«:MOCVDffi4S 
40 IS-* ?^44ffi#£to-tf/c. *f\ M+Zfcf&btc* 
^(*Sfi±CC. 72X7*4BCBJUUM0 140. 
BumO» 3CCiifflT5. -e<D±ffiiC. h»;^^JUi/7 
>4ii»44^-2 > 7'7XvCVDii(Ci:0S 1 CJ§4 0 2 
40. OSiim&iOgimrZ. COSiCW*, 

:/«4LTfMTrs. 

[0 040] S6CC. 0. 4Mm)?©7 , 7X7l^BC 
B»»B4 0 3 4x 7^>^-F«^44iS i C 
1^4 0 4 40. 0 3 ummtCfjfcgitZ. VVVvVit 
50 a*ttx^>^4tcj:0^7^7l^BCBI6»84 
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0 3CceKi»%JBdEU MOCVDftfiCj:0Cu*0. 

summtamu. 3 6K:cMP«:ck->riB«»«^o 

^JfcCu«$5£T4C£r. CuBH4 0 5 4JBflE-r 

JgiiirO. 0 3mn»©S iC«4 0 6*RRJB-rS 
[04 (a) 1 . 

[O04 1]77X7f^BCBW4 07^O. 6 
fiiDJI, Xy?Zh v7$&V$)2>S i CSS 4 0 8*0. 
0 3umJItaa«U S6«C^^Xva^BCB3»»ja 
40 9£0. 3 jLtmJl, T*^- F"7X*"C**S i C 
H4 10*0. 0 3 ummt,a&mi>. S^CCiJi^-F 
v**£( / T*>';=i>fflMf:llB4 1 1*0. 0 6um/ftC 
J^HT^ [H4 (b) ] . 4tG?*/ 

X*fci2S»rt*->4 1 2*»JSU B*^7X7* 

frc7* hu^*h£i$*T£ [@4 (c) ] . 
[0 04 2] 7* hyyy57^tej:o««-r^*Kr 

(H«ttt> cn^v^^ar, cf 4 /a 

r /O.tfXCCTTJS^- F"***"C**S i CB§4 1 

0, ^7X7f^BCBESl4 0 9^^^^ h 

y^»C*iS iCK4 0 8£S;frtex**>^U 

0^7?>?#X£N,/O,CcaQ¥;i.T:. 

2/^ F * »* O ft# ^7 B C B KittlB 4 0 7 

*a*tti7f>mcir. t*7*-;i>4 1 3**5 

E»4 0 5_b«Cfiat'r**^-ll©S i CJg4 0 
±T* [B4 (d) ] . 

[0 04 3 ] SfcCC. E*fll><*->4 1 2*WLS*i 
/c±)B^-Kvx^-c*4i/ , j3>KlfcBI4 1 l*vx 
TJi'>- K-?X^t?*SS i CJg4 1 0£C 
F 4 /Ar^r, y^X^S6BCB«*I«4 0 9*N 

. /o, #xrx 7 y-rs c tvicsmm^z - >4 
I4t**u «»iccf«/a r#xrtf7*-n>KK: 

#fi-T^>S i C*7'<H»4 0 6 [04 
<e) ] . *«ft*Ufc8L MOCVDtt«cJ:0 
0. 2 am/»OCuS/-Kl84 1 5*JSSB"r*. CCD 
PS, KT*-JU*«:ttTilfcBI«a>Cu3W5Fa-rSfcJE>. 
CCOC u LTMOCV D - C u«§t^)C i 

^e>. er*-A*»rtij«j*&cu/Cu*ffi^jslE 

L/fc/c*. er^-;U4 1 3rt«MOCVD-Cui/- 

K«ra«>6n-5. -rfttofe. mocvd-cu^-k 
*^±tc MoevD-Cuj^r tf 1 1 a*r * * . 

-eoa, COMOC V D - C u 5/- KB*«fii It* 

£?*«Sti>£ [04 ( f ) ] . 
[0044] 400'C, 2 0»©.tSa(t7x-jU*ffo 

fca. c m p 5c j: o r Etttft* j: w tr 7 * - ;b w^-o & 
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■teCu*ft*L*CC u7'^<bCuKI§U 1 7*JB0c 

IS<tLr0. 0 3/xmilOS i CJIg4 1 8 £i£ST* 
[04 (fir) ] . 04 (b) ^6H4 (g) i 

r oxg£lg 0 iB-r c £ r 3 »«±©*JBE1I* Bf&ir 

[0045] **tt«©«js*ft«ctoi>r t . BtsHias 

J: O* t* 7 * - JKDffiffifc J: )gffi<c iS^tt />''J7@^ 
JfttLttt^aEIWia^Sr**. COMOCVD- 

Stti«ce7*- JU4M0C V D - C uflrc3fc£$tSa&i& 
^TlftCuie3S£OCu/Cul?ffi«:RJ*L. flofll 

^DP^PiO. 2 8/imriB«T3 1 0 mmg<Di2ia#€: 
J&SU 4 0 0'CCl 0^ffl7x-;l/Or<>i^ffl l J- 

**«tti o-'A/cm'eflrci^-c+^&iftiiHtt 

';7Jgr*>£0. 0 3mn«©Ta/TaNB*ffl^te 

20 ^tmmmi^tmbfcm^ iestg$t^«2. 5 m 
7*-^««aaas« 1 qsbe^^ o . 1 QetT«cft« 

l/^FD7-fyi/-J/3>«ttttl 0»H±[Sl±b/c. 

[0046] tt±- *»B<Z>»* U^HtHfCOt »TM 
30 /dbKH 5c oc > r ^ l fca» ti CcffiS S ti 4 C t ft < 

*fc. »«rttBCBB*fccu^y*»»c»* 

-?2>1M 6C oc * r IflSKSWI tt 0 ft ^ o , B C B fe 
BCBI6i»IB«:a«>ii*ti/cCuiBH*»ttU. cox 

SIBCCa*ji*tt3WIBJH<k ft h ft li»^6CttMO C V D 

40 ^ 0 

[0 04 7] 

•7*^ffi«c <fc DJBttOfcB C Bt68®±5CitSC uJB* 

Vfit7*-^«»«!S£**«r*C4*Jr*. Efi 
iffig*M*(-rSC<!:***C#*<!:<tfc«:xu^ hP7^ 

u-i/a>«:»r**c«ttt«»-c*S. «fc. Cu 
»cwr*4oo # cjy±o^a*<piffi£ft*o"c. e 

50 BCB|ft«RJitCia»M0CVD-Cu]BI4fiJWT%C 
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[B 1 ] ^6WO» 1 O^WCc J: «^9(^80H 

[H3 ] *mnom2<Dmmmzm^fc$zbtc¥m 

[B4] *»W©*3<D|M«<cJ:S^W(*»W)» io 

[B5] ^XvS^BCB«i*Rij!**^BCB*ft 
StJUOFT I h;k 



20 



Sam 

[«HW>«H] 

1 0 1. 1 0 3, 1 0 6 7 7Xvi^BCBl£Sl 

1 0 2,1 04 S i CJ8 
105 Cug 

107 Effti* 

108 CuSBH 

201, 20 3, 206 ^X7l^BCB»6aW 
20 2.2 04 S i 
205 Cug 

2 0 7 trr*-;u 

208 m®m *3o 



: 2 0 9 

2 1 0 
30 1 
302 

3 0 3 
304 

3 0 5 
306 
40 1, 

mim 

402. 

i cm 

40 5, 

4 1 1 
4 1 2, 
4 1 3 
4 1 5 

4 1 6 
50 1 

5 0 2, 
5 0 3, 
5 0 5, 
5 0 6, 
5 0 7, 
5 11, 
5 1 2 
5 1 4 
5 1 6 
5 1 7 
5 1 8 
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cuk$s 

Cu77^ 
S i OiH 

s icm 

Ta/TaNBW^ym 
C ul 

40 3, 407, 40 9 7^Xvig£BCB 
404. 4 0 6. 40 8.4 1 0.4 1 8 S 



4 1 7 Cui 
4 1 4 EMU'**- 

504, 508, 510 *>»;n>lWfclB 



5 0 9 

5 1 5 

5 1 8 

5 1 9 

5 1 3 

C ul 

cugag 



[S3] 



[05] 




CHj-Sl-CH, 



H-Sl-H ^ 
H-Sl 



CHj-Si 



(S3) 




301 SiO z B 

302 Way^^?/ 

303 77*^*£BCB|6»JS 

304 SiOR 

306 Ta/T«N«Jf /<I>T«I 

3W CuBt 



3000 2500 2000 1500 

Wavo numberCcnT 1 ] 



(H5) 



(10) 



ftffi 2002-1 18169 



[0 1] [02] 




(122) 



20U 203,206 ^X^S^BCBfeflUR 208 

202,204 SiCm 209 Cufdfc 

206 Cutt 210 CuT?# 

207 tfT*— 



CH6] 




0 0.05 0.1 0.15 0.2 0.25 0 3 



DeptM/im) (BkO 



(11) 



002- 1 1 8 1 6 9 



[04] 



l@7] 




(04) 



401, 403, 407, 409 ^^B^BCBJftftS 
402,404,406,408,410,418 SiCK 
405,417 Cu£{| 

411 v-y^>»<fc« 

412,414 B»«/^l' 
413 tfT*-^ 
416 Cui'-KK 
416 ^y*Cu« 




(e) 



<c> 



1 














'4 .v- 



(d) 




--613 



506 



501 >!M>£«E 

502. 504.508, 510 vy=>fi*Kfc3J 

503.509 >9=»mm& 

506.516 5*f4o/<yT« 

506.518 CuftJH 

507.519 i&aa-o/WR 

511,513 U-?*]-H 
512 157"*-* 




(Ban 



(12) 



2 0 0 2- 1 18169 



[08] 




7n> b*<- 










(72)3%BH# 


Jim m 






F * - A (#3* ) 5F033 HH11 3)01 KK11 t.W2 










NNOl PPU PP27 QQ16 QQ21 










QQ23 QQ37 QQ48 QQ73 RR01 


(72)SW^ 








RR21 SS03 SS15 TT04 WW02 










XX05 










5F058 AA10 AC03 AC10 AF02 AH02 



